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(54) METHOD OF MANUFACTURING THIN-FILM TRANSISTOR 



(57) Alt or a part of the thin films such aa a silicon 
mm. an Insulation film and 41 conductive film constituting 
the thin fiJm transistor Is formed using a liquid material 



by ^ method mainly comprising the steps oft foaming a 
coating film by coating a substrate with the liquid mate- 
rial; and forming a thin film with a desired thickness by 
heat-treating the coating film. 
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Description 
Technical Field 

5 10001 ] The present Invention rotates to a method for manufacturing a thin film transistor to be used (or liquid crystal 
display device*, auto-lumlnesoent display device* and LSla. In mora detail, the present Invention relates, to a method 
for manufacturing a thin film translator by forming a thin film constituting the thin film transistor using a liquid material. 

Background Art 

10 

[0002] A thin film transistor la usually composed of a thin films such as semiconductor films. Insulation films and 
conductive films. When these thin films are categorized depending on their functions, the Insulation film Includes gate 
Insulation films and Interiayer insulation films, and the conductive film fa used for gate electrodes, source/drain elec- 
trodes, pixel electrodes and wiring lines. These thin films have been mainly deposited by a CVD (Chemical Vapor 

18 Deposition) method and a sputtering method. 

10003] Silicon films such aa amorphous silicon films and poly-slllcon films have been mainly used for the semicon- 
ductor films. The silicon films have been usually formed by a thermal CVD method, a plasma CVD method or a photo- 
CVD method using monostlane gae or dlsllane gas. The thermal CVD method has been generally used for depositing 
the poly-silicon film (J. Vfco. Set Technology, vol. 14, p1062 (1977)). while the plasma CVD method has been widely 

20 used for depositing the amorphous silicon (Solid State Com., vol. 1 7, p11 93 (1 975)). 

[0004] However, the silicon film formed by the CVD method have involved some problems to be improved in the 
manufacturing process: (1) manufacturing yield la low due to contamination of the manufacturing apparatus and gen- 
eration of foreign substances, since silicon particles appear in the gas phase to be used for the gas phase reaction, 
(2) a silicon film with a uniform thickness can not be deposited on a substrate having a rough surface, since a gaseous 

2* starting material Is used. (3) a step for heating the substrata is required, and productivity is low due to a slow deposition 
rate of the film, and (4) a complicated and expensive microwave generator and an evacuation apparatus are necessary 
in the plasma CVD method. 

[0005] Handling of highly reactive gaseous silicon hydride to be used as a starting material Is difficult, besides re- 
quiring an airtight evacuation apparatus as well as a pollutant elimination apparatus for the treatment of exhaust gases. 
30 Not only $uch large scale facility Itself Is expansive, but also a large amount of energy Is consumed in the vacuum 
system and plasma system, rendering the product a high manufacturing cost. 

[0000] A method for coating liquid silicon hydride that Is free from the vacuum system has been proposed in recent 
years. Japanese Unexamined Patent Application Publication No. 1-29081 discloses a method for forming a fcnieon thin 
film by allowing a gaseous material to be liquefied and absorbed on a chilled substrate as a liquid, followed by allowing 
35 the substrate to react with chemically active atomic hydrogen. However, the method also Involves a problem that a 
complicated apparatus Is required for continuously evaporating and liquefying silicon hydride, and control of the film 
thickness Is difficult (1). 

[0007] . While Japanese Unexamined Patent Application Publication No. 7-267621 discloses a method for coating 
the substrate with, low molecular weight liquid silicon hydride, on the other hand, handling of this complex system to 
40 so troublesome that it is difficult to obtain a uniform film thickness when applied to a large area substrata. 

[0008] . While an example of a solid silicon hydride polymer has been reported In UK Patent GB-2077710A. it Is 
Impossible to form a Aim by coating since the compound fs Insoluble In solvents. 

[0009] The thermal CVD method* plasma CVD method and sputtering method have been widely used for forming a 
gate insulation film used for thin film transistors, an insulation film for the interiayer Insulation film, and an electrode 

46 conductive film for the gate electrode and source/drain electrodes. The conductive film to be used for the thin film 
transistor is used for the gate electrode, source/drain electrodes, wiring lines for connecting among the electrodes, 
and wiring lines for a power circuit, and a metal film such as Al, Cu, Cr or Ta film Is used as the conductive film. The 
conventional sputtering method is widely used for forming the metal film and siilslde film. While a transparent conductive 
film in addition to the foregoing conductive film Is required for the thin film transistor to be used for a liquid crystal 

so display device, an (TO film Is usually used for the transparent conductive film, which is deposited by the sputtering 
method as used in forming the metal film. 

[001 0] The CVD method Involves the following four features, which are the same as those In forming the silicori film 
aa an insulation film: (1) manufacturing yield Is lowdue to contamination of the manufacturing apparatus and generation 
of foreign substances, since silicon particles appear In the gas phase to be used for tha gas phase reaction, (2) a 
03 silicon film with s uniform thickness can not be deposited on a substrate having a rough surface, since a gaseous 
starting material is used, (3) a step for heating the substrate Is required, and productivity is low due to a slow deposition 
rata of the film, and (4) a complicated and expensive microwave generator and an evacuation apparatus are necessary 
in the plasma CVD method. 
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[001 1] An evacuation apparatus* In. addition to a vacuum pump as wall as a target material, a sputtering power 'source 
and a substrata heating apparatus, are required for the sputtering method to be utilized In forming the conductive film 
mainly comprising a metal film and the transparent conductive film. Although a toxic and combustible gas Is seldom 
used in the sputtering method as compared with the CVD method, the film la deposited not only on that substrate as a 

* ' film deposition object, but also on the Inner wall of the chamber In which the substrate la placed. Peeled pieces of the 
deposition material from the Inner wall serve as foreign substances during the film deposition process to result In 
decreased manufacturing yield of the product as In the CVD method. It Is the oommon drawbacks of the sputtering 
method with the CVD method that the film thickness is uneven at the rough portions on the surface of the substrate, 
productivity Is low, and the facilities become large scale and expensive because an evacuation apparatus Is required! 

10 [0012] The method for fanning the thin film by the conventional CVD method and sputtering method have involved 
the problems of low productivity, high Incidence of film defects end lowyleld, uneven film thickness at the rough surface 
portions, and breakage of wiring patterns at the steps* These problems also cause Increased manufacturing cost of 
the thin film transistor. These problems in the CVD method and sputtering method arise from Intrinsic features of the 
film deposition method such as use of the evacuation apparatus, need of heating of the substrate, requirement of a 

19 power source for plasma generation, and film deposition on unnecessary portions such as the inner wall of the appa- 
ratus other than the substrate. These intrinsic features cause other problems In that the large scale apparatus leads 
to s high facility cost and the running cost of the apparatus Is also high. 

Disclosure of Invention 

20 

[0013] The present invention proposes a method for manufacturing a thin film transistor by a novel method essentially 
different from the conventional film deposition method. While the thin films such as a silicon film and an Insulation film 
in the thin Aim transistor have been deposited by a CVD method or a sputtering method, a desired thin film ie fanned 
in the present invention by coating a substrate with a liquid material to form a coating film, followed by heat-treating 
W the coating film. 

fl>014] The object of the present Invention Is to provide a method for solving the Intrinsic problems involved in the 
conventional film deposition method, providing a method for manufacturing a thin film transistor with a low manufac- 
turing cost using a compact and cheap apparatus for forming a thin film with high productivity, less incidence of film 
defects, high manufacturing yield, drnall number of wiring breakage at the steps, and low manufacturing cost ■ 
30 p)015] Ail or a part of the thin films suoh as the silicon film. Insulation film and conductive film constituting the thin 
film transistor are formed using a liquid material In the present Invention for solving the foregoing problems. The method 
mainly comprises the steps oft fanning a coating film by coating a substrate with the liquid material; and forming a 
desired thin film by heat-treating the coating film. 

tfHMO] In a flrtt aspect of the method for manufacturing a thin film transistor, the silicon film Is formed by the steps 
comprising: forming a coating film by coating a liquid materiel containing silicon atoms; and heat-treating and/br irra- 
diating a light for converting the coating film into the silicon film. 

[0017] In a first aspect so configured as described above, the heat treatment step desirably comprises a first heat- 
treatment step for converting the coated liquid material into an amorphous silicon film, and a second heat treatment 
step for converting the amorphous silicon film into a polycrystalllne silicon film. 

£00iq Preferably, the liquid 'material containing silicon atoms contains a silicon compound having a cyclic group 
represented by s general formula of Sl^ (wherein n represents an integer of 5 or more, m represents an Integer of 
n, 2n-2 or 2n. and X represents a hydrogen atom and/or a halogen atom) In the first aspect described above, 
[0019] It Is desirable that n is a*n Integer In the range of 5 or more and 20 or less in the silicon compound having a 
cyclic group represented by the general formula of In the silicon compound having a cyclic group represented 
by a general formula of Sl^ (wherein n represents an Integer of 5 or more, m represents an Integer of n. 2n-2 or 2n, 
and X represents a hydrogen atom andfor a halogen atom) In the first aspect described above. 
. [002<H It is also desirable mat the solute concentration of the solution containing the silicon compound having a cyclic 
group represented by the general formula of SlnX m is In the range of 1 to 00% by weight 

[0021 J It is also desirable that the solution containing the silicon compound having a cyclic group represented by the 
so general formula of has a viscosity of 1 to 100 mPa-s. 

[0022] It is also desirable that the solution containing the silicon compound having a cyclic group represented by the 
general formula of Si^ has a vapor pressure of 0.001 to 100 mgHg at room temperature. 

[0023] it is also desirable that hydrocarbons are used for the solvent for the solution containing the silicon compound 
having a cyclic group represented by the general formula of 
so [0024] In a second aspect, the present Invention provides a method for manufacturing a thin film transistor formed 
on an insulation substrate or Insulation film, comprising the steps oft forming a coating film by coating a liquid material 
containing silicon atoms: and heat-treating for converting the coating film into the silicon film, the step for forming the 
gate Insulation film and interiayer Insulation film comprising the steps of coating the substrate with polysiiazane and 
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converting coafed polysilazane Into a SiQj film by heat-treatment 

[00251 In a third aspect, the present Invention provides a method for manufaetuilna a thin aim +r™.r«f~. * 
SSHSf" 0 1? TIL* 0 4Ub$trate; * nd hMM «*B for «""»flr* th. coating film Into a .km? to ' 
to^u'cSHm. 8 "-""^ ,nte * «•*">*■ *" oyWtiUnem. an^toSng 

54 8 ^^ 

£2 2 ,S f r 1 ? rable '"J 18 * ird **** *a gate electrode and eourcaWrSh eSea£ fanned by the step* 

Z^; h ™ nfl ^^^ ffl T^?°? ,nB 3n Dr3anic containing Indium and fin: and hS^ng for 

converting the coating film Into a ITO (Inslum-Tln-Oxide) film. u ror 

« [0029] In a fourth aspect, the present Invention provides a method for manufecturina a thin film twuwM™ ft>™«,H „ 
^Sn^i^T* ° r 'T^T " m " ^""S *• of: tormina a «2 C ^fiT^ZiS 
SJ^™^^ *!^ 8trat, » : fc*""*** ^ converting the coating fit intoe alleSfllm?^ atepS 
"to^pa/ant conduoUve fflm comprising fanning a coating film by coating an organic compound ^riteSi™ 
hdum and«n|and heat-treating tor convening the coating film Into an ITO (Indlum-TInSde) J5T ****** 
10 7 01 AW aspect, th* preaent Invention provide* a method tor manufacturing a thin film transistor farmed on 

an Insulation substrate or Insulation film, comprising the steps of: farming a semiconductor teyer toat ^ivea ^ 
^^^'"nr 810 ! 8 ° n m iTOU,atton Substrata or Nation film; forming a .^TefiatZaSi 
SS!. 52" atoma °" SUb8trata; "«««"»tlng to converting the coating m^ZSSi film- fenTnT™ 
Wat region mat serves as a channel region to be connected to the source/drain regions bVpattBrntao SSHS 
fomting a gate Insulation layer; forming a gate electrode; forming an Intertayer ^?o^S^^aLSlS^ 
on *e mterlayer Insulation film: and farming electrodes and wiring lines. anon nim; opening contact holes 

P , ? ! •• V8frt |V *P«* *«• P"**e"t Invention provides a method tor manufacturing a thin film translator fem,«rf 

or nsulation film, forming a gate Insulation layer: forming a coating film by. coating a liquid material contalnina^™ 
atoms on the substrate; heat-treating tor converting the coating film Irto a ta fiK 

tiiat serves as source/drain regions; and forming electrodes and Z!™Uw 9 8e ^ wnduc to te *»' 

i^LJ^\1S^ T**" P ?!f "* lf,Venti0ri pfWide3 8 method for ^^rturing a thin film transistor compriama 
material, and the mathod for forming the thin films comprises no evacuation apparatus. 

Brief Description of the Drawings 

[0036] Fig. 1 shows a process for forming thin films using a liquid material 
[0036] Fig. 2 shows coating films formed using g liquid material- 
s' 2 9 ' ? 8h0WS 0,8 prece88 to tom'ng thin films by the conventional CVD method. 
Kle^™ 

fSSJH £ ^ZSSSST 9 " ^ PnDCeSa ° f 8 •*■*«' *> 8 *" *» Ulster according to 
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Best Mode for Carrying Out the Invention 

W041J Thin films constituting a thin film transistor comprises a silicon film, an Insulation film and a conductive film 
and a transparent condudlva film Is used as an additional thin film In the thin film transistor to be used for a liquid 
crystal display device. These thin films have been mainly formed by a CVD method or a sputtering method. However 
the thin films formed by the conventional CVD method and sputtering method Involved the problems of low productivity 
high Incidence of film defects and poor manufacturing yield, uneven film thickness at rough portions on the surface' 
and breakage of wiring patterns at the steps. Thsss problems result In cost-up of the thin film translator manufactured 
by the method ss described above. These prablema In the CVD method and sputtering method arise from Intrinsic 
features of these film deposition method such as using an evacuation apparatus, requiring a substrate heating means 
requiring a power source for generating plasma, and causing film defects due to foreign materials formed by peeling 
of films formed on excess portions on the inner wall of the apparatus other than the substrate. These Intrinsic features 
also involve the problems of large scale facilities to increase the facility cost end high running cost of the apparatus. 
10042] Fig. 3 shows a standard manufacturing process for film deposition by the conventional CVD method. The 
substrate placed In a CVD apparatus is evacuated after being transferred Into a load-lock chamber, and Is heated after 
being transferred Into a heating chamber followed by film deposition by being transferred into a process chamber. The 
process chamber has a heating mechanism for maintaining the temperature of the substrate.. A microwave is applied 
for forming a plasma of an Introduced gas for film deposition by applying the microwave after the gas pressure has 
been stabilized. The remaining gas Is purged after the film deposition, and the substrate is transferred Into the load- 
took chamber to take out Info the sir after supporting with a bent Since the process gaa to bo used In the CVD method 
mostiy comprise a toxic or combustible gas, a gas-leak sensor and a pollutant elimination apparatus for rendering the 
exhaust gss harmless should be installed for the sake of safety control of the CVD apparatus. The toxic or combustible 
gas should be thoroughly purged In the gas-purge step, forcing to waste a long time before completing the film deoo- 
sitlon process. . ^ 

*» [0043] Rims are deposited in the sputtering method by an almost the same treatment step as in tha CVD method 
as shown in Fig. 3. The sputtering method differs from the CVD method in that an Inert gaa such as Arts mostly used 
and toxic and combustible gases are seldom used, and a DC power source Is used instead of the microwave. However, 
these are slight differences In comparison with the entire manufacturing process and constitution of the apparatus for 
forming the thin film as a whole. The sputtering method also involves the same problems as those in the CVD method 
so In that the apparatus has a large sfce and the productivity is low 

[0044] On the contrary, the thin film is formed starting from liquid materials. The major process comprise* forming a 
costing film of the liquid material on a substrate, and heat-treating for converting the coating film Into a functional film. 
The coating film Is formed by a spin-coat method, reO-eoat method, curtain-coat method, dip-coat method, spray method 
and Ink-Jet method. The structure of a coating apparatus to be used for these methods Is quite simple, because It Is 
basically composed of a stage or a holder for holding the substrate, and a mechanism for coating* a nquld on the 
substrate. While tits apparatus used in a heat-treatment step and/or light Irradiation step comprises a heat-treatment 
apparatus such as an oven, a baking furnace and an annealing furnace, and a light Irradiation apparatus using a 
halogen lamp or UV lamp as a light source, these apparatus has also a very simple strudure. 
[0045] Pg, 1 shows one embodiment of the method for forming a thin film from a liquid material according to the 
present invention. While control of the atmosphere Is required In the steps for coating the film and for forming the thin 
film depending on the liquid material to be used, the process is basically carried out in air. One may recognize how 
simple Is the method for forming the thin film according to the present Invention, in comparison with the film deposition 
steps by the conventional CVD. method and sputtering method. In the apparatus for forming the coating film by the 
spin-coat method shown In Fig. 2, only a stage 201 capable of rotating, and a dropwise addition mechanism of the 
liquid material 203 on the substrate 202 are necessary. A heating device comprises a stage or holder on which the 
substrate Is placed, and a heating mechanism. Accordingly, It may be understood that the apparatus to be used in the 
present invention la compact and cheep as compared with the conventional CVD and sputtering apparatus. 
[0040] The present invention Is able to solve the intrinsic problems oftoe conventional fflm deposition method, making 
It possible to form tha thin film with low cost and to manufacture a low cost thin film transistor with higher productivity 
smaller Incidence of film defects, higher man irfacturing yield, and good coverage of the steps 
[0047] As hitherto described, all or a part of the thin films of the silicon film, Insulation film and conductive film are 
formed using the liquid material In the method for farming the thin film transistor according to the present invention 
While the besio process comprises forming the coating film by coating the liquid material on the substrate, end con- 
verting the coating film into a thin film by heat-treatment, a step for forming a desired thin film on the surface of the 
substrate by dipping the substrate in the liquid material may be Included in the process. The spin-coat method roll- 
coat method, curtain-cost method, dip-coat method and Ink-jet method may be used for forming the coating film on 
the substrate. 

[0048] Silicon compound* involved in the liquid material to be used In the present Invention for forming the silicon 
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film are represented by a general formula of Slj^ (wherein n represents an integer of 5 or more, m represents an 
Integer of n, 2n-2 or 2n. and X represents a hydrogen atom and/or a halogen atom). 

10048] The Integers n and m In the silicon compound represented by the general formula of S^X^ are preferably 5 
or more and 20 or less, and fi or 6, respectively. Handling of the silicon compound becomes difficult due to distortion 
of Its cyclic structure when n Is smaller than 5, while selection range of the practically available solvents becomes 
narrow due to decreased solubility of the silicon compound ascribed to the aggregation force, when n Is larger than 20. 
[0050] Examples of the monocyclic silicon compounds represented by the general formula abcvelndude cydopan- 
tssflane. sltytcydopentesilano. cyctohefcasllane, cylylcyctohexacylane. and cycloheptaeilan*. and examples of the W- 
cypIfcslDcon compounds Include 1,r-bIscycIobutasIlane # l.r-biscyeJopentasilane, 1,r-blscyclohaxasflane, M'-blsc^- 
doheptaellane. 1.V- cydobutasPylcyclopantasHane, tl'-cyclobutasllyl-cytlohexasflane, IJ^IobutasHylcydohep- 
tasBene, U'-cydopentaallylcyclohaxasnane, l.l'-cyotopCTtasilylcyoloheptasilane. I.Vsyctohexasllyl-cyclohepteal- 
lane. splrop^lpentasllane. sptoo{3.3]-heptaanane, spiro[4,4]nonaailane, spiroftSJdecasIlane. spirofrejundecasilane, 
sporofoSJundecasllane. sptro[5,6]dodeoasilane, spiro[6 v 6]trideoasnane. 

[Q€51] Examples of polycycllo silicon compounds Include silicon hydride compounds of the compounds 1 to 5 shown 
below: 




Compound 1 




Compound Z 




Compound 3 




Compound 4 Compound 5 



[0052] Another examples other than the silicon compounds described above include silicon compounds In which 
hydrogen atoms In the frame structure ?re partially substituted with SIH 3 groups or halogen atoms. A mixture of two 
or more of these compounds may be used. Particularly preferable from the point of solubility in solvents are 1,1'- 
biscyclopentasilane. 1,1'-*iscyclohexaeilane, spiro[4,4)nonasilane, spiro[4 F 6]decasilane. spiro[5.51undecasnane and 
$piro[5.e]dodecasHane, and silicon compounds having SIHj groups In their frame. 

IPQ5?] While a solution essentially containing a silicon compound having a cyclic grx>up represented by the general 
formula of Sl^ is used for forming the silicon film according to the present Invention, the solution may contain other 
silicon compounds such as n-pentasllane, n-hexasllane and n-heptasllane. 

[0054] The siOcon compound to be used In the present invention can be manufactured by the following methods 
using a monomer having a corresponding structural unit as a starting material, 

(a) A dehalogenatlon condensation polymerization of halostlanea In the presence of an alkali metal, so-called 
Wpping's method [J. Am. Chem. Soo. f 110. 124(1988); Macromolecules. 23, 3423(1990)]; 

(b) A dehalogenatlon condensation polymerization of halosilanes by an electrode reduction [J. Ch'em. Soc. f Chem. 
Commun., 1181(1990); J- Chem. Soc. f Cham. Common., 397(1992)]; 

(c) A dehydrogen condensation polumerizatlon of hydrosllanes In the presence of a metallic catalyst (Japanese 
Unexamined Patent Application Publication No. 4-334551 ); 
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(d) An anion polymerization of disUene cross-Inked with blphenyl [Nacramolecules, 23, 4494(1990)]; and 
(a) After synthesizing the oyolle silicon compound substituted with a phenyl group or alley! group by the method 
described above, the product may be converted Into compounds substituted with a hydroxy! group or halogen 
atom by a method known In the art [for example. Z. anorg. allg. Cham., 489, 123-130(1979)]. these nalogenated 
« cyctoslianc compounds can be synthesized by a method known In the art (for example, E. Hengge et al.. Mh 

Chem. vol. 10. p603 (1878); E. Hengge et ah. Z. anorg. allg. Chem.. vol. 821, P 1617(199S); P. Boudjouket al J 
Chem. Soa, Chem. Commun. P777 (1984)], and a chlorinated compound, hydrogenated compound and partially 
chlorinated compound may ba used by optimizing the synthetic conditions. 

io [0098] A solution prepared by dissolving the silicon compound represented by the general formula SLjr Is coated 
on the substrate in the present Invention. The solvent to be used In the present Invention usually has a vapor pressure 
in the range of 0.001 to 200mmHg st room temperature. It may be sometimes difficult to form a good coatihg film when 
toe vapor pressure Is higher than 200 mmHg. because the solvent evaporates earner before forming the coating film. 
« k!!L , pre88Ure te lower than 0 -°° 1 """"S. on the other hand, drying of the coaling film Is so slow that the 
16 sotvent is liable to be remained in the coating film, thereby making It difficult to obtain a good quality silicon film after 

!i!fir eatn l^^ 0r llflht [rTBdlal,on tr5almont - ^° events to be used In the present Invention are not particularly 
resWcted provided that they do not react with the silicon compound. Examples of the solvents Include hydrocarbon 
a^ntssuoh as n-nexane. n-heptane. n-ootane, n-decane, dtcyclopentene, benzene, toluene, xylene, dulene. Indene, 
2a ShT^Z^*?!; *ca^naphthalene, and squalene; ethers such as dlpropylether. ethyleneglycol dimethyl- 
etoer, ethyleneglycol dlethytether. ethyienegfycoi methylethylether. dlethyieneglycol dimethylether, ethyleneglyool dl- 
etnylether, dlethyieneglycol melhylethyfether. tetrahydroforan, 1,2-diethoxyethane, bla(2-^thoxyethy0ether. and c- 

" UCh "rT!^ cart,onato ' T*utyrolaclone. l^ethyl-2-pyrrelldone. Nwnethyh2-pyno- 
lldone.. dlmethylformamlde. ecronrtnle, dimethylsulfoxlde. and chloroform. Hydrocarbon solvents and ether based sol- 
vents are preferable among them In view of solubility of the silicon compounds andmodified silicon compounds and 
™re preferable solvents are the hydrocarbon solvents. These solvents may be used alone or aa a mature thereof 
The hydrocarbon solvents are particularly suitable since they can improve solubility of the silicon compounds besides 
suppressing the amount of residual silicon compounds in the heat treatment or light Irradiation treatment to be described 
hereinafter. 

10068] Feeding of a gas is not required in the method for forming the silicon film according to the present Invention, 
as in the conventional CVD method. After coating the silicon compound dissolved in a solvent on the substrate, the 
solvent Is dried to form a film of the silicon compound, followed by converting the silicon compound film into a metallic 
sfiteonfilm by heat-decomposltlon or photolysis. The method to be used for coating the solution of the silicon compound 
^? e , a -ff T° "Z °* t™**"". curtain-coat method, dlp^oat method, spray method and Inkjet method. 

The solution Is usually coated et room temperature, because a part of the solute may precipitate st a temperature 
below the room temperature due to decreased solubility of the silicon compound. The solution Is preferably coated In 

!2 0 * P !! era ** nltrofldn " he,ium Q r9° n - A reducing gas such as hydrogen may be preferably 
mixed In the atmosphere if necessary. ^ ' - 

[0067] While the rotational speed of a spinner when the spinner is used is determined by the thickness of the thin 
film to be formed and the composition of the coating solution, it Is usually 100 to 5000 rpm and preferably. 300 to 3000 

Sn^rS th8 SO,Vent after Coatin 3- WWte the heating temperature is different 

depending on the kind and boiling point (vapor pressure) of the solvent It is usually 1O)to200»C. The sameatmosohere 
audi as helium and argon as used In the coating step Is also preferably used for drying 

!S?^JS^l C0 ^ P ,°'l" d , i8 « Jnverted lnto «• silicon film by treating with heat or light in the present Invention. 
WMe the silicon film obtained In the present invention Is amorphous or polycrystalline. an amorphous silicon film or 
polycrystalline silicon film can be obtained by a heat treatment with a final temperature of less than about 550>C or 
550 C or more, respectively. The film Is heat-treated preferably at 300-C to 550-C. more preferably et 350°C to 500»C 
when one desires to obtain an amorphous silicon film. When the final temperature is less than 300»C. the silicon 
compound Is hot compIeteV decomposed by heat to fall In obtaining a silicon film having a sufficient thickness, it Is ' 
preferable to apply the heat treatment in an inert gas atmosphere such aa nitrogen, helium and argon, dr In an atmos- 

^ IiriStl t 9 , 9a J!r Ch a ? 'f mbced - 709 amor P houa *«'«>n film may be converted Into a poly- 

crystell ne silicon film by Irradiating a laser beam to the amorphous silicon film, if It is desirable. An atmosphere not 
containing oxygen, for example an atmosphere In nitrogen, helium or argon, or an atmosphere in which a reducing 
gas such as hydrogen Is mixed, \ 9 preferably used for laser irradiation. 8 

~2",!T° l f le ' h ! n! L coattlB flIm of1ha si0con compound may be subjected to a light Irradiation treatment 
before removing the solvent In an Inert atmosphere. The silicon compound soluble In a solvent Is not only converted 
■nto a tough and solvent insoluble coating film by the light Irradiation treatment, but also is converted into a silicon film 

I^iX^sT .^ e, !S! C chara 1 cteristics «* iont irradiation treatment, or by a heat treatment simultaneously 
applied with the light Irradiation treatment >»«u«y 
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[0060] The ifght source to be used for the light Irradiation treatment for converting the silicon compound Into the 
silicon film Include a mercury lamp, deuterium lamp or an electric discharge light from a rare gas such as argon, krypton 
and xenon, as wall as a YAQ laser, argon laser, carbon dioxide laser, and eximer laser such as XeP, XeCf, XeBr, KrCI, 
ArF and ArCI lasers. While these light sources have In general an output power of 10 to 5000W, an output power of " 

5 100 to 1000W may be sufficient While the wavelength of these light sources Is not restricted provided that the light is 
absorbed by the silicon compound to some extent, ft is usually In the range of 170nm to OOOnm, and a wavelength of 
I70nm to MOnm is particularly preferable from the point of absorption efficiency. Use of the laser light Is particularly 
preferable from the point of conversion efficiency to the potyorystaUlne silicon. The temperature for the light Irradiation 
treatment Is usually from room temperature to 500° C, but the temperature may be appropriately selected depending 

io on the characteristics of the silicon film obtained as e semiconductor. 

[0081] The concentration of the silicon compound solution Is about 1 to 80% by weight in the present Invention, which 
may be adjusted depending on the desired thickness of the silicon film. When the concentration exceeda 80%, a uniform 
costing film cannot be obtained because the solute Is liable to precipitate. 

[0067] A trace amount of a fluorine based, silicon based or nonionlc surface tension adjusting agent may be added 
t * In the solution within a range not compromising objective functions. The nonlonic surface tension abutting agent makes 
wettability of the solution to the coating object good. Improves leveling properties of the coating film, and serves for 
preventing granular or rough surface of the coating film from being generated. 

[0063] The nbnionlo surface active agents as described above Include a fluorine based surface active agent a fluorine 
based surface active agent containing a fluorlnated alkyi group or perfluoroafkyl group, or a polyetheralkyl based surface 

20 active agent having an oxyaikyl group. Examples of the fluorine* based surface active agents Include 
CgF^CONHC^Hza, C e F 17 S0 2 NH- (C2H4OH. Cy^CKPullronlck L-36)CbF i7 . CeF 17 0 (Pullronlok t*44)C 9 F 17v and 
CgFyO (TbtronlG-704) (^F 17 ) 2 , wherein Pullronick-L-35 is a poVoxyprepyJene-poiyoxyethyleno block copolymer with 
a mean molecular weight of 1.900 made by Asahi Electrochemical Co.: Pullronlok P-84 Is a poryoxy propyl ene-polyox- 
yethylene block copolymer with a mean molecular weight of 4,200 made by Asahl Electrochemical Co.; and Tetronio 

25 704 Is a N,N,N r ,NMetreWa(poryoxypropylBnQ-polyoxy©thy1eho) block copolymer with a mean molecular weight of 5,000- 
made by Asahl Electrochemical Co. 

[0054] Examples of the fluorine baaed surface active agent include F-TOP EF30 1 , EF303 and EF352 (made by Shin- 
Aktta Chemicals Co.), Megafex F171 and F173 (made by Dainihon Ink Co.). Ashehl Guard AG710 (made by Asahl 
Glass Co-). Rorade FC170C. FC430 and FC431 (made by Sumitomo MM M Co.), Surflon 3362. SC 1 01 , 3C102, SC 103, 
so SC104, SC105 and 3C106 (made by Asahl Glass Co.), BM1000 and 1100 (made by M-Chemls Co.), and Schsego- 
Ruor (made by Schwegmann Co.). 

[0065] Examples of the polyetheralkyl based surface active agent Include polyoxyethytene alkytether, polyoxyethyi- 
ene sllylether, polyoxyethylene alkylphenolether, polyoxyethytene fatty acid ester, sorbltane fatty acid eater, potyox- 
yethylene sorbltsne fatty add eater, and oxyethylene-propylene block polymer. 

36 [0066] Examples of these potyetheraikyt based surface active agent Include Emergen 106, 430. 010 and 920. Leodol 
SP40S and TW-L120. Emanol 3199 and 4110, Exei P-40S. Bridge 30, 62, 72 and 92, Araasel 20, Emasol 320. Tween 
20 and 60, Marge 46 (all of them are made by Kao Co.), and Nonipol 55 (made by Sanyo Chemicals Co.). The nonlonic 
surface active agent other ihan those described above are, for example, polyoxyathylene fatty add ester, polyoxyeth- 
ytene sorbitane fetty acid ester, and poiyaalkyleneoxide block copolymer, end example of them include Chemlstatt 

40 2500 (made by Sanyo Chemicals Co.). SN-EX922S (made by Sun-Nobuko Co.), and Nonal 630 (made by Toho Chem- 
ical Industries, Co-)- These nonlonic surface active agents are used preferably In an amount of 0.01 to 10 parte by 
weight, In particular in an amount of 0.1 to 5 parts by weight, relative to 1 00 parts by weight of the combined amount 
of the components (a) and (b). The amount of less than 0.01 parts by weight Is not preferable since the effect of the 
nonlonic surface active agent is not displayed, while the amount of exceeding 1 0 parts by weight Is also not preferable 

4$ since the composition readily forma besides causing color change by heating. 

[0067] The viscosity of the silicon compound solution prepared is usually within a range of 1 to 100 Pa-S, and can 
be appropriately selected depending on the purpose of coating and thickness of the coating film. A viscosity of more 
than 100 Pa-S makes a uniform coating film to be difficult to obtain. 

10068] While the substrate to be used Is not particularly restricted, conventional quart*, boroslflcate glass and soda 
50 glass, as well as a transparent electrode such as ITQ, metallic substrate such ss gold, silver, copper, nickel, titanium, 
aluminum and tungsten, and a glass or plastic substrate comprising these metals on the surface, may be used. 
[0069] The Insulation Aim is formed using the liquid material In the present Invention, so far as it is possible. The 
liquid material that can be used for forming the Insulation film Includes polysilazane and SOG. Polysilazens has a Sl- 
M-SJ bond, and S08 has a Si-O-Sl bond, and both substances may be coated on the substrate to from the coating 
H film by the spin-coat method, roll-coat method, curtain coat method, dip-coat method, spray method and Ink-Jet method. 
The method for forming the ooatlng film can be selected depending on the thickness and uniformity of the coating film, 
and the size and shape of the substrate. While an Insulation film having better quality may be obtained as the heat 
treatment temperature after forming the coating Him is higher, the temperature Is appropriately selected considering 
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heat resistance of the substrate used, and process conditions of the semiconductor device. Using poiysilazane can 
afford an Insulation film having e better film quality than using SOG, when the heat treatment temperature Is relatively 
as lew as 300 to 50O D C. The Insulation film may be formed on the surface of the substrate by dipping the substrate In 
the liquid materiel. For example, a SIO2 film can be formed on the substrate by dipping the substrate In an aqueous 
9 fluoroalDoIc add solution and adding borto add In the aqueous solution, as disclosed In Japanese Unexamined Patent 
Application Publication No. 5459194 When the performance of the thin film transistor la remarkably Influenced by the 
film quality of the gate insulation film determined by the heat treatment temperature In manufacturing the semiconductor 
device, the Insulation ftbn may be formed by the conventional film deposition method using an evacuation apparatus, 
or by heat oxidation. 

1Q [0070] The conductive film Is formed using the liquid material In the present Invention, so far as it Is possible. The 
conductive film is formed using the liquid material by a method comprising forming a coating film on the substrate by 
spin-coating, and heat-treating the coating film for converting into a conductive film; or a method for forming the con- 
ductive film on the surface of the substrate by dipping the substrate In the liquid material. A suspension solution prepared 
by dispersing metal fine particles In an organic solution, or a solution prepared by dissolving an organic acid containing 

16 a metal In a solvent, may be used as the liquid material to be used In the method using the coating film. The suspension 
solution usually contains fine parte! as of a noble metal for forming a metallic film of Au or Ag. The organic add solution 
containing In and Sn can be used for forming the ITO film. The dipping method available Include the so-called plating 
method, which can be used for forming metallic films of Nl, Cu or All For securing contact resistance between the 
conductive film and electrodes or source/drain regions of the thin film transistor in forming the conductive film, the 

20 sputtering method as a conventional film deposition method, or a combination of the sputtering method and the liquid 
material may be used for forming the conductive film. 

[0071] The present Invention will be described In detail hereinafter with reference to me examples. 
(Example 1) 

23 

£0072] Example 1 of the present invention Is shown In Fig. 4. The method for manufacturing a oo-ptanar type thin 
film transistor is shown In Fig. 4 In the order of Its manufacturing steps. 

[0073] in F!g. 4, a coating film was at first formed on a glass substrate 401 et a rotational speed of 500 rpm using 
5% solution of a mixture of cyclopentaslfane and cydohexasttane as the silicon compound In benzene as a solvent. 

30 Then, after removing the solvent in the coating film by heat-treating at 100°C for 30 minutes, a thin film containing 
silicon with' a thickness of 50 nm Is formed by heat-treating at 400*C for 30 minutes. Subsequently, a laser beam with 
an energy density of 250 mJ/cm 2 was Irradiated onto the thin film to form a polycrystalllne silicon film. The steps from 
forming the coating film to laser irradiation were performed in an Ar gas atmosphere containing 1 ppm or less of oxygen. 
The coating film was formed and heat-treated In a glove box whose atmosphere had been controlled, end the laser 

36 beam was irradiated through a quartz glass window to the glass substrate placed In a sealed vessel provided with the 
quartz glass window and having the same atmosphere as that in the glove box. The glass substrate was taken out of 
the glove box into the air, followed by forming an islet region 402 to serve as source, drplh and channel regions by 
photo-etching. 

[0074] An Insulation film 403 was formed in the next step using the liquid material. In this example, 5% concentration 
40 of Poiysilazane In xylene as a solvent was coated on the substrate at a rotational speed of 200 rpm to form a coaling 
film with a thickness of about 1200 A. Then, the solvent was removed by baking the coating film at 80°C for 30 minutes, 
and the coating film waa converted into a 6IO2 Aim by heat-treating at 350-0 for 60 minutes to form a gate Insulation 
film 408. Although the insulation film was heat-treated at 350°C, electrical characteristics of the gate insulation film as 
well as MOS Interface characteristics are improved, thus Improving reliability of the thin film transistor; when the coating 
46 film Is heat-treated In an atmosphere containing oxygen and water vapor. 

[007S] Subsequently, a gate electrode 404 was formed using the liquid material. A solution of 8% concentration of 
an organic compound containing Indium and tin In xylene as a solvent wps used in this example. A coating film was 
formed on the substrate at a rotational speed of 1500 rpm, followed by removing the solvent by a heat-treatent at 80°C, 
and an ITO film with a thickness of 2000 A was formed by heaMreatfng at 300°C. A gate electrode 404 as shown in 
Fig. 4(o) was obtained by photo-etching. 

[0078] Subsequently, source/drain regions 405 and 406 were formed by an lon-implantatlon method using the gate 
electrode 404 as amask. The conditions for Ion-implantation ware an implantation energy of phosphorous of 70 KeV 
and an Implantation density of 1 x to^/cm 2 . The lon-lmplantatlon was carried out while the photoresist used for forming 
the gate electrode was left behind on the ITO film. 
« [0077] The source/drain regions above rrtay be formed without using the Ion-Implantation method. The gate insulation 
film on the source/drain regions are at first removed using the gate electrode 404 as a mask In the structure shown In 
Fig. 4(c). Than, a S0G-PSG film Is formed by coating, and the film is annealed with a laser beam after removing the 
solvent In the SOG-PSG film and compacting it by a heat-treatment The source/drain regions are formed by allowing 
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phosphorous In the PSO film to d'rffoee into the silicon film aa a lower layer. The SOG-PSG film may be removed 
thereafter, or may be remained to utilize It as a part of an interiayer Insulation film. 

[0078] The Interlay er insulation filrh 407 was formed In the next step using paly»IT&zane aa shown in Fig. 4(d). A 
polysilazane solution with a concentration of 10% was coated on the substrate at a rotational speed of 1000 ipm to 
form a coating film. Then, xylene as a solvent was removed by baking at 80 fl C, and a SlOa film with a thickness of 
about 6000 A was formed by heat-treating at 360*0. While the heaMreatment at 350 # C was carried out lp an atmos- 
phere containing oxygen, electrical characteristics and reliability as an Insulation film may be further improved by heat- 
treating in an atmosphere containing oxygen and water vapor. 

[0079] An electrode layer was formed thereafter using the liquid material as shown in Fig. 4(e), after opening contact 
holes on the intertayer Insulation film 407. A suspension solution prepared by dispersing metal fine particles with a 
diameter of several tens angstrom in an organic solvent was used in this example. A coating film was formed by coefing 
the suspension solution on the substrate, and the coating film was converted Into a conductive film by heat-treating at 
200°C after removing the solvent Finally, electrodes 408 and 408* were fanned by patterning as shown in Fig. 4(e). 

(Example 2) 



[0080] Example 2 In the present Invention Is shown In Fig. 6. Fig. 6 shows one example of the manufacturing process 
of a stagger type thin film transistor. 

[0081] In Fig. 5(a), the reference numeral 501 denotes a glass substrate, the reference numerals 502 and 502» denote 
silicon films to serve as source/drain regions in which Impurities are doped. A solution with e vfscosity'of 8 mPa-a 
prepared by dissolving 2g off l,r-bls (oyolohexasilane) in 10 g of toluene was spin-coated on a glass substrate 401 
under an argon atmosphere, end the costing film was heat-treated at 450 W C in argon after drying at 160*0 to form a 
metallic silicon film with a thickness of 65 nm. Then, the film was annealed with a laser having an energy density of 
300 mJ/cm* to form a polyaystalline silicon film. Phosphorous Ions were Injected Into the polycrystafflne silicon film 
by bn-fmpfantatlQa and source/drain regions 502 and 502 s were formed by patterning. 

[0082] The order of the laser annealing step and the lon-lmplantatlon step and may be reversed, I.e. the Ions are 
implanted at first and then annealed wtth a laser. When the steps are In this order, the Implanted ions may be activated 
simultaneously with crystallization of the silicon film. 

[0083] Otherwise, the lon-Jmpfantatlon method may be omitted by taking advantage of a PSQ film In farming the 
silicon film in which Impurities to serve as the source/drain regions are doped. After forming the polycrystaUIne silicon 
film from the coating film of the silicon compound as described above, a SOO-pSO film Is formed by coating; the solvent 
In the SOG-PSG film is removed by heat-treatment, and the remaining film Is subjected to laser annealing. Phosphorous 
In the PSQ film diffuses Into the silicon film at the lower layer, thereby the silicon film In which Impurities art doped can 
be formed The excess SOG-PSG film Is removed thereafter to obtain a structure shown in Fig. 5(e). The laser annealing 
step may be applied after forming the SOG-PSG film, after forming the coating film of the silicon compoiind and re- 
moving the solvent. 

[0084] Subsequently, the silicon film 503 to serve as a channel region was formed as shown In Fig. 5ft). At flret, a 
solution with a viscosity of 7 mPa*s was prepared by dissolving 2g of silylcydopentasllane in 10g of toluene, and then 
the solution was spin-coated on the substrate under en argon atmosphere followed by drying at 160°C ( . Then, the 
coated film was decomposed by heaflng at 450'C In argon containing 3% of hydrogen to form a metallic silicon film 
with a thickness of 50 nm. Then, the silicon film was annealed with a laser to farm a polycrystaUIne silicon film. An Islet 
region 503 to serve as a channel region for connecting to the source/drain regions was formed by photd-etching as 
shown In Fig. 5(b). 

[0085] In thp next step, a gate Insulation film 504 is formed with the liquid material as shwon In Fig. 5(c). At first, a 
polysilazane solution with a concentration of 5% Is coated on the substrate at a rotational speed of 2000 jpm to form 
a coating film with a thickness of 1200 A. Then, a gate Insulation film 004 was formed by modifying the coating film to 
a SiO a film by heat-treating the coating film at 350°C for 30 minutes. 

[0086] In the next step, a gate electrode 505 Is formed with the liquid material as shown In Fig. 5(d). At first, a coating 
film is fornied on the substrate at a rotational speed of 1500 rpm using a solution of an organic compound containing 
Indium and tin with a concentration of 8% in xylene. Then, the solvent was removed by heat-treatment at 80*0, followed 
by heat-treatment at 300°C to form an ITO film with a thickness of 2000 A. Then, a gate electrode 504 was formed as 
shown In Fig. 5(c) by photo-etching. After the heat-treatment at 300*0 for 30 minutes, the substrate was token out in 
the air after subsequently cooling the substrate to 200°C In a reducing atmosphere of hydrogen to form the ITOtflm 
having a low reslstlvely. 

[0087] In the next step, an Intertayer insulation film 506 Is formed using the liquid material as shown In Fig. 5( e ). A 
coating film is at first formed by coating a solution with a concentration of 10% on the substrate at a rotational speed 
of 1000 rpm. Then, xylene as a solvent was removed by baking at 80°C f followed by heat-treating at 350°C to obtain 
a Si02 film with a thickness of about 5000 A. 
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[0080] After opening contact holes on the interiayer Insulation film 606 as shown in Fig. 6(f), electrode* 507 and 30r 
were formed lifting the liquid material. The electrodes were formed using the ITO film In this example, being a solution 
of an organic compound containing Indium and tin with a concentration of 8% in xylene as a solvent, 'ajcoatlng film is 
formed on the substrate at e rotational speed of 1 600 rpm. Then, the solvent Is removed by e heat-treatment at|300°C 
* to form the ITO film with a thickness of about 2000 A. Finally, the electrodes 507 and 507" as shown In i Pig. 6(f) were 
formed by photo-etching. 

4 i 

(Example 3) : 

I 

10 [0009] Example 3 ofthe present invention la shown In Fig. 8. Fig. 6 shows one example of the manufacturing process 
of a reversed stagger type thin film transistor. A gate electrode 002 la at first formed on a glass substrate (301 aa shown 
in Fig. 6(a). A gate electrode was formed by an elaotroless plating In this example- Using a sodium-free! nickel plating 
solution, a nickel film with a thickness of about 4000 A was formed on the substrate. While the nickel film la grown by 
allowing nickel to precipitate by dipping the substrate In the plating solution, anacttvatortreatmentlsappniMfordeanlng 

19 the substrate as a pre-treatment step. Although a solution containing sodium Is usually used In the pr^treetrhent, a 
sodium-free solution was used for the pro-treatment in the present invention. The nickel film was patterned by a con- 
ventional photo-etching using a mixed solution of nitric add and glacial acetic add aa an etching solution. 

[0000] A gate Insulation film 603 was formed as shown In Fig. 6(b) using the liquid material. Porydlajzane solution 
with a concentration of 6% la at first coated on the substrate at a rotational speed of 2000 rpm to form a coating film 

20 with a thickness of about 1200 A. Then, the solvent In the coating film was removed by heat-treating at Bb*C, followed 
by heat-treating at 360°C to convert the coating film Into a S\Og film to form a gate Insulation film 603; " 

[O091 J Subsequently, a silicon film 604 that serves as a channel layer is formed using the liquid matenal aa shown 
In Fig. 6(c). A coating solution with a viscosity of 1 0 mPas Is at first prepared by dissolving 2g of hexasfldprismen (the 
compound I) In log of toluene, and a coating film Is formed by spin-coating this solution on the subjstcate under an 

25 argon atmosphere containing 3% of hydrogen. Then, the posting solution was irradiated a UV light from a 500W high- 
pressure mercury-vapor lamp for five minutes to change the coating film to a solid film comprising potyhydrosllane. 
This solid film Is subsequently heated at 500°C in argon containing 3% of hydrogen to form a metallic silicon film with 
a thickness of SO nm. Then, the film was annealed with a laser having an energy density of 260 m/om*]to crystallize 
the silicon film Into a polycrystglllne silicon film. 

30 [0092] in the next step, an Insulation film 605 that serves as a channel protective film, ^nd a silicon film 606 end 606* 
doped with Impurities that serves as source/drain regions ere formed using the liquid material as shown In Flgl 6(d). 
The channel protective film can be formed using, for example, poiyeHarane as In forming the gate electrodk The silicon 
film doped with Impurities the! serves as the source/drain regions may be formed by the same method aa forming the 
source/drain regions shown in Fig. 6(a). The film was formed by a method not using ion-implantation in this example. 

3* in other words, after forming the silicon film from a coating film ofthe silicon compound, the SOG-POQ fllri was formed 
by coating, and the solvent was removed by heat-treatment, followed by annealing the film with a laser, phosphorous 
in the POG film diffused Into the silicon film as a lower layer. The excess SOG-PSG film Is removed thereafter to obtain 
the structure shown In Fig. 6(d). The laser annealing step may be applied after removing the solvent frprp the coating 
film ofthe Silicon compound, and after forming the.SOG-POG film. 

40 [0093] Subsequently, electrodes 607 and eor ere formed from the liquid material as shown in Fig. 6(el An |Tb film 
was formed as an electrode In this example. Using a 6% solution of an organic compound containing indium and tin 
in xylene as a solvent, a coating film Is formed on the substrate at a rotational speed of 1500 rpm. Therj, the solvent 
is removed by heat-treating at 80'C, and the ITO film with a thickness of about 2000 A waa formed by hepttreating at 
3O0*C. Subsequently, electrodes 607 and 607" were obtained aa shown In Fig. 6(e) by photo-etching. The substrate 

46 was taken out into the air after cooling the substrate at about 150*C in a redudng atmosphere containing hydrogen, 
after heat-treating at 300*C for 30 to 60 minutes, in order to reduce resistivity ofthe ITO film. The eldcfrode formed 
using ITO Is a transparent electrode, which may be used as pixels required in a liquid crystal display device. 

industrial Applicability \ \ 

so ! \ 

[0094] All or a part of each thin film of the silicon film, insulation film and conductive film constituting [the thin film 
transistor according to the present Invention are formed using the liquid materials. The prtndpal method comprises 
forming coating films by coating the liquid materials on a substrate, and forming desired thin films by hdat-treatinp the 
costing films. Accordingly, intrinsic problems in the conventional film deposition methods such as the CVDjmethod end 
35 sputtering method can be solved! enabling the thin film transistor using a compact and cheap apparatus by forrning 
the thin films with high productivity, small inddence of film defects, high manufacturing yield and good coverage at the 
steps. , \ 
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Claims 

1. A method for manufacturing a thin film transistor comprising a silicon film, a gats Insulation film, a gate electrode . 
conductive film, an Interlayer Insulation film, and a thin fflm for electrodes and wiring lines, the silicon film being 
formed by the atop* comprising: forming a coating film by coating a liquid material containing silicon atoms; and 
heat-treating and/or Irradiating a light for converting the coating film Into the silicon film. 

2. A method for manufacturing a thin film transistor comprising a silicon film, a gate Insulation film, a gate electrode 
conductive film, an interlayer Insulation film, a thin film for electrodes and wiring lines, and a transparent conductive 
mm, the silicon fflm being formed by the steps comprising: forming e coating film by coating a liquid material con- 
taining silicon atoms; and heat-trsating and/or irradiating a light for converting the coating film Into the silicon film. 

X A method for manufacturing a thin film transistor comprising the steps oft forming a coating film by coating a liquid 
material containing silicon atoms on an insulation substrate or Insulation film; heat-treating and/or Irradiating a light 
for converting the coating film into a silicon film; forming an islet region to serve as sources, drains and channels 
by pattering the silicon film; fanning a gate insulation layer; forming a gate electrode; injecting Impurities into the 
source/drain regions; forming an interlayer insulation film; opening contact holes on the irtteriayer tnsulation'film; 
and forming electrodes and wiring lines. 

4. A method for manufacturing a thin film transistor comprising the steps oft forming a semiconductor layer containing 
Impurities that serves as source/drain regions on an insulation substrata or Insulation film; forming a coating film 
by coating a liquid material containing silicon atoms on the substrate; heat-treating and/or irradiating a fight for 
converting the coating film into e silicon film; forming an islet region to serve as a channel region to be connected 
to the source/drain regions by patterning the silicon film; forming a gate Insulation film; forming a get? electrode; 
forming an Interlayer Insulation film; opening contact holes on the Interlayer Insulation film; and forming electrodes 
and wiling lines. 

5. A method for manufacturing a thin film transistor comprising the steps Oft forming a gate electrode on an insulation 
substrate or Insulation film; forming a gate insulation film; forming a coating film by coating a liquid material con- 
taining silicon atoms on a substrata; heat-treating and/or Irradiating a light for converting the coating film Into a 
silicon Aim; forming a semiconductor layer containing impurities that serves as source/drain regions; end forming 
electrodes and wiring lines. 

e. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the heat-treatment 
step comprises a first step for heat-treating and/or irradiating a light for converting the coaled liquid material into 
an amorphous silicon film, and a second step for heat-treating for converting the amorphous silicon film Into a 
ploycryatalllne silicon film. 

7. A method for manufacturing a thin film transistor according to Claim 6, wherein the first step for heat-treating and/ 
or irradiating a light comprises a step for irradiating a light with a wavelength of 170 nm or more and 380 nm or less. 

e. A method for manufacturing a thin film transistor according to Claim 6, wherein the first heat-treatment step com- 
prises: removing a solvent contained in the coating film formed with the liquid material containing silicon atoms; 
and converting the coating film into an amorphous silicon film by heat-treating at a temperature higher than the 
temperature in the step for removing the solvent 

9. A method for manufacturing a thin film transistor according to Claim 6 r wherein the second heat-treatment step 
comprises heat-treating with an Intense light such as lamp annealing or laser annealing. 

1 0. A method for manufacturing a thin film transistor according to Claims 1 to 6. wherein the heat-treatment step using 
an Intanse light such as lamp annealing or laser annealing Is carried out in an atmosphsre containing ho oxygen. 

11. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the step tor forming 
the gate insulation film comprises coating the substrate with polysilazane, and converting coated polysilazane into 
a SlOi film by heat-treatment 

12. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5, wherein the step for forming 
the gate electrode comprises: forming a coating film by coating a liquid material containing a metal on the substrate 
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with; converting the coating film Into a metal film by heaMreatment; and pattering the metal film. 

13. A method for manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
the gate electrode comprises: forming a metal film on the substrate by plating; and patterning the metal film. 

14. A method tor manufacturing a thin film transistor according to any one of a alms 1 to 6, whereto the step for forming 
the gate electrode comprises: forming a coating film by coating an organic compound containing Indium end tin 
on the substrate: and heat-treating the coating film for converting Into an ITO (indlum-llrt-Oxfdo) film. 

15. A method for manufacturing a thin film transistor according to Claims 1 to 6, wherein the step for forming the 
Intertayer Insulation film comprises: coaling polysllazane on the substrate; and converting polysttazane Into a SIO. 
■ film by heat-treatment ^ 

1a Amethodtor manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
the electrodes and wiring lines comprises: fanning a coating film by coating a liquid materiel containing a metal 
on a substrate; converting the coating film Into a metal film by heat-treatment; and patterning the metal film. 

17. A method tor manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
Ow.electrodea and wiring lines comprises: forming a metal film on a substrate by plating; and patterning the metal 
film. 

18. Ametnod for manufacturing a thin film transistor according to any one of Claims 1 to 5. wherein the step for forming 
the electrodes end wiring lines comprise*: forming a coating film by coating en organic compound containing Indium 
and Un on the substrate; and heat-treating for converting the coating film Into an ITO (Indium-Tln-Oxida) film. 

19. A method for manufacturing a thin film transistor according to Claim 2, wherein the step for forming the transparent ' 
substrate comprises: forming a coating film by coating an organic compound containing indium and Un on the 
substrate; and heat-treating for converting the coating film into en ITO (Indlum-Tln-Oxlde) film. 

20. A metticd for manufacturing a thin film transistor according to any on. of Claims 1 to 5, wherein the Bquld material 

containing silicone atoms contains e silicon compound having a cyclic group represented by a general formula of 

(wherein n represents an Integer of 5 or more, m represents an integer of'n. 2n-2 or 2n, end X reoresenta 
a hydrogen atom and/or a halogen atom). ' ^ 

21. A method Ibr manufacturing a thin film transistor according to Claim 20. wherein n b an integer in the range of 6 
or more and 20 or less In the slDcon compound having a cyclic group represented by the general formula of &„?<„,. 

22. A method for manufacturing a thin film transistor according to Claim 20, wherein the' solute concentration of the 
ttorangrof^ hSV,ng 8 CyC "° 9P0Up "* resented * me 9 enera » *«rmi\ 9 of is in 

23. A method for manufacturing a thin film transistor according to Claim 20. wherein the solution containing the silicon 
compound having a cyclic group represented by the general formula of has a viscosity of 1 to 100 mPa-s. 

24. A method far manufacturing a thin film transistor according to Claim 20. wherein the solution containing the silicone 
compound having a cyclic group represented by the general formula of Si^ has a vapor pressure of 0.001 to 
lou mmHg at room temperature. 

25. A method far manufacturing a thin film transistor according to Claim 20 or 21. wherein hydrocarbons are used for 
the solvent ! for the solution containing the silicone compound having a cyclic group represented by the general 
formula of SifP^. 

26 " A , for ma " ufao * Jrin 9 a min transistor comprising thin films of a silicon film, a gate Insulation film, a gate 

"IS"? * nducHvefl,m - an Wertayer insulation film, and aconductivefllmfor eleotrodes and wiring lines, wherein 
allthe thin films are formed using liquid materials, and no evacuation apparatus Is used for forming ell the thin films. 

27. A method for manufacturing a thin film transistor comprising thin films of a silicon film, a gate insulation film, a gate 
electrode conductive film, an Intertayer Insulation film, a conductive film for electrodes and wiring lines! and a 
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transparent conductive Aim, whfereln ail the thin Alms are formed using liquid materia!*, and no avecuatfon aona- 
retua Is used fbrformlng all the thin film* wwwign appa 



fa 



29 



40 



46 



SO 



55 



14 



inibinniiH. Luuiu incninu LVy/nftcniz. 



EP 1 113 502 A1 



FIG. 1 



FORMING COMING 
FILM 



i 

( COATING APPARATUS ) 



FORMING THIN FILM 

( HEAT-TREATMENT | 
| APPABATOS^ 



' pro. 2 

203 



202 







! 


9 



201 



FIff. 3 



EVACUATION 



HEATIKQ OT 1 GAS APPLYING 
SUBSTRATE INTRODUCTION MICROWAVE 
U 1J I | I 



PURGE 



BENT 



15 



U. mm. zyuu if.it i n i lii i nun. luu i u ivininu lv/ii i\lh i l 



»n. 70 j i o. \ 1/ n 



EP 1 113 502 A1 



Fid. 4 



402 



401 



(a) 



408 



EZZ 



405 



1 



404 



4Q6 



777?. 




407 



408 



408 



(e) 



16 



o. mm. l\j vu t / * i ~t 



EP 1 113 502 A1 

FIG. 5 




CO 



17 



EP 1 113 502 A1 

FIG. 6 




13 



EP 1113 602 A1 



INTERNATIONAL SEARCH REPORT 



[ntrrnexlortal application No. 

PCT/JP00/0198S 



A. CLASSIFICATION OF SUBJECT MATTER t f _ T „ 

IntTcr H01&29/78S, H01L21/336, H01L21/2Q8, H01&21/316. 
H01L21/288, 002*1/1368 

According 10 Inlpotilonal Patent dasttfigiiiion (PC) Of ro both naiional dnsattlcaiton mud t?C 



a F1BLD3 SEARCHED 

VSifimim dooixmciumxiaa seirahai (atajSSa&A fyitim followed fay sUa Iflatiion tymboU) 



"xmTc? K01M5/7B« f H01WX/336, H01L21/206, H01L21/209. 

H01L21/316, H01L21/288. G02F1/136B, C23CM/44, 
C33C1B/12 



^WiS^Shinw Kfcho I97i-2ooo jjcguyo Shiran ToroK* Koto 1396-2000 



Eleet^nJfl dain ESS consulted during cho blfcni'tionti tee/ch (name of dun bttt and, whero practicable, scare* itnnJuscd) 
JICST FIUB (JOIS) 



C DOCUMENTS CONSIPgBgP TO TO RELEVANT 



X 

y 



Ciurfo© of document; with lwlleei|niv vfcern appropriate of me relevant pamgct 



OPT9-4SS22, A <6HOWA DBNKO K. 
14 Febxuary, 1597 (14.02.97), 
Full text (Family* xiqm) 



JT1 



JP, 5-144?41, A (SHOWA DBNKO K.K.), 
XX June, 1993 (11. Off. 93) , 
Full cfixc ( Family i none>) 

U8. SS00537, A (MitaubiaW DwJci KrtuahiJtl Kaisha) , 
19 Mtrcb, 199^ (19*03.96), 

Column 3, lines 22 to 39; Column 3, lines 50 co 6S 

page 3, upj>©* left column, line 3 to page 5, upper righ^ 
column, line 1; page 5. upper right column, line 12 to 
page 5, lower left column, line 8 

JP„ 10-161140, A (MEC Corporation) , 

19 June, 1998 (19.08.99), 

page 8, left column, line* 38 to 40 

* US, 6043859, A * KR, 9804 2890, A 



Releveni to clalni No. 



1-S,8-10, 
20-25 
7,11-19,28, 
27 



11-14, 16-19, 26 
,27 



11,26,27 



(3 mher dccunvctto *w lined In the oonUnuaxJoo of Box C □ SeopauocfemHy annex. 

"SpSgffl categories of died documents: 
document deflnlni tHo general nite oft 
eauleered to be of pafdeular relevance 



-o* 



lUnto of the art which b not 
due 

document whfeh may throw doubts on priority clelmfi) or which Is 
cited to establish the pubticarion dale of another eflelfon or other 
ipceisi reason (as ipeclfTcd) 

i tzOsxbxg to an on) dtaetoi urn, vac, exhibition or other 



document published prior to dis Inismaliontl filing due hut lartr 
dun the prfoHty toe ejahnad 



fuer document publfshed after the InUmaUenal Alia* data or 
priority dale and not la conflict with the sppHcadon bat ctt*4 to 
understand die principle or theory undcrlyinv the invention . 
*x* document o/panlctihr relevsneet the eteimW invention e*naot be 
considered novcj orcsnnot be considered to involve an Inventive 
step when the doowneni la taken elona , 
'V doeumera of particular relevance; the echoed invenilon osnnot w 
senildsred to revolve an inventive step when the featmnt to 
combined with one or mere other such documents* such 
combination being obvfoue to a pwon skilled in the art 
'&* doeuraenr member of the same patent family 



Dace of the actual completion oribe international search 
27 June, 2000 (27.06.00) 



Daie of mailing of iho imeroaiionat Search report 
11 JUly. 2000 (11.07.00) 



Nime and mailing address of the ISA/ 

Japanese Patent Office 



P&csirailc No. 



7u*oriieJoTBccT 



Telephone No. 



Form PCTASA/210 (itcond ibeet) (My 1992) 



19 



0. MM. I I • \ J 



EP 1 113 502 A1 



INTERNATIONAL SEARCH REPORT 



tatomttlarral epptotion No. 

PCT/JPO 0/019 85 




20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ lines OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



